(19) 




(12) 



(43) Date of publication: 

20.01.1999 Bulletin 1999/03 

(21 ) Application number: 981 1 3177.4 

(22) Date of filing: 15.07.1998 



Europflfsches Patentamt 
European Patent Office 
Office europeen des brevets (1 1 ) EP 0 891 774 A2 

EUROPEAN PATENT APPLICATION 

(51) int. CI. 6 : A61 K 31/495, A61K9/50 



(84) Designated Contracting States: 


• Talra, Keiko 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Ikeda, Osaka 563-0043 (JP) 


MC NL PTSE 


• Iwasa, Susumu 


Designated Extension States: 


Kyotanabe, Kyoto 610-0351 (JP) 


ALLTLVMKROSI 


(74) Representative: 




(30) Priority: 15.07.1997 JP 19030097 


Winter, Brandl, FGrnlss, Hubner, Rdss, 


Kaiser, Polte, Kindermann 


(71) Applicant: 


Partnerschaft 


Takeda Chemical Industries, Ltd. 


Patent- und Rechtsanwaltskanzlei 


Osaka-shi, Osaka 541-0045 (JP) 


Alois-Stelnecker-Strasse 22 




85354 Frelslng (DE) 


(72) Inventors: 


• Takada, Shigeyuki 




Kobe, Hyogo 651-1144 (JP) 





(54) Process for producing sustained release preparation 



(57) The present invention is to provide sustained- 
release microcapsules which contains high amount of a 
drug, suppresses initial release and shows stable 
release, and the production method of which comprises 
adding a physiologically active substance to biodegrad- 
able polymer in an organic solvent containing a fat and 
oil (in particular, vitamin E) and dispersing and emulsify- 
ing the mixture. 




Printed by Xerox (UK) Business Services 
2 t€ 7/3 6 



07/25/2002, EAST Version: 1.03.0002 



EP0 891 774A2 

Description 

FIFin OF THE INVENTION 

5 The present Invention relates to a sustained-release microcapsule which suppresses initial release of an excess 
amount of a physiologically active substance right after administration of the microcapsule and releases stably a con- 
stant amount of the physiologically active substance for a long time from right after administration of the microcapsule, 
and a production method thereof. 

10 BACKGROUND OF THE INVENTION 

On sustained-release microcapsules of various physiologically active polypeptides or low molecular water-soluble 
drugs many reports have been made [Critical Reviews in Therapeutic Drug Carrier Systems, 12. 1-9 (1995); JP-A 
H2(1990)2-503315; EP-A-0586238; J. Pharm. Sci., 25, 750-755 (1986); JP-A S57(1987)-1 18512]. Most of the micro- 
is capsules so tar reported have the following drawbacks: 

(1) in the manufacturing process, the amount of the water-soluble drug leaked to the outer aqueous phase is rela- 
tively large to invite a relatively low entrapment ratio of the drug, 

(2) the resulting microcapsules are generally porous and cause a relatively large initial release, and (3) in the man- 
20 ufacturing process, the physiologically active substance is denatured to invite insufficient bioavailability. Thus, at 

the present stage, sustained release of the drug over a desirable long period have not yet been succeeded. 

In JP-A S61(1986)-63613, improvement of sustained release of microspheres was reported. That is. there is 
described that for the purpose of preventing decrease of release rate of the active ingredient a certain hour after admin- 
25 istration of microspheres whose base is polylactic acid, in an organic solvent of polylactic acid to which the active ingre- 
dient is dispersed, an oil soluble additive {medium chain fatty acid triglyceride, a lower fatty acid triglyceride, etc.) which 
is soluble in said solvent and which is biodegradable is uniformly dissolved. However, there is no suggestion on appli- 
cation to the other bases nor on preparation of microcapsules using a solution of the active ingredient. 

In JP-A H8(1996)-151321 [EP-A-0709085]. there is disclosed microcapsules which contains an amorphous type 
30 water-soluble physiologically active substance and polymer, and which are produced from a S/OA/V type emulsion. 
However, there is no description on a process for producing microcapsules using a solution of a drug as an inner aque- 
ous phase nor on a method using metal complex of a water-soluble physiologically active peptide. 

In EP 0765660. there is disclosed microcapsules which contains an amorphous type 2-piperazinone-1 -acetic acid 
derivative, and in a production method thereof, a S/O/W type emulsion is employed. However, there is no description 
35 on a process for producing microcapsules using a solution of a drug as an inner aqueous phase nor on a method using 
metal complex of a water-soluble physiologically active peptide. 

In general, in a process for producing microcapsules of a water-soluble physiologically active substance, it is more 
advantageous to employ a W/O type emulsion than a S/O type emulsion where the drug is used as solid substances in 
view of equivalency of drug content or operation, and it is desired to employ a W/O type emulsion in an industrial man- 
40 ufacture with large scale. 

QpjFr,TOI=THE INVENTION 

It is preferable for sustained-release preparations using biodegradable polymers to suppress initial release of an 
45 excess amount of a physiologically active substance, in particular release of an excess amount of the same within one 
day after administration thereof, and to releases stably a constant amount of the physiologically active substance for a 
long time. The present invention is to provide a simple and convenient process for producing uniform sustained-release 
microcapsules which maintain physiological activity of the physiologically active substance, suppress initial release, and 
release stably a constant amount of the physiologically active substance. 

50 

fit JMMARY OF THE INVENTION 

The present invention have intensively studied to solve the above problems and, as a result, have found that in a 
process for producing sustained-release microcapsules of a water-soluble physiologically active substance, it is possi- 
55 ble to produce very useful sustained-release microcapsules which suppress initial release of an excess amount of the 
physiologically active substance right after administration and release stably a constant amount of the physiologically 
active substance for a long time, by adding about 3 % to about 30 % of a fat and oil to an organic solvent solution of 
said biodegradable polymer and using the thus obtained uniform solution as an oil phase. Further diligent studies based 
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on 1his finding have reached the accomplishment of the present invention. 
The present invention relates to 



(1) A process for producing a sustained-release microcapsule of a water-soluble physiologically active substance, 
which comprises forming a w/o type emulsion comprising a solution containing a water-soluble physiologically 
active substance as an inner aqueous phase and an uniform organic solvent solution containing a biodegradable 
polymer and a fat and oil as an oil phase, and removing the organic solvent; 

(2) A process as described in the above (1), wherein the w/o type emulsion is dispersed in an aqueous phase, and 
the organic solvent is removed by in-water drying; 

(3) A process as described in the above (1), wherein the inner aqueous phase is a solution containing a water-sol- 
uble physiologically active substance and a basic substance; 

(4) A process as described in the above (1), wherein the water-soluble physiologically active substance is a 
polypeptide the molecular weight of which ranges from about 200 to about 80,000; 

(5) A process as described in the above (1), wherein the water-soluble physiologically active substance is an 
integrin antagonist; 

(6) A process as described in the above (5), wherein the integrin antagonist is a QPIIb/llla antagonist; 

(7) A process as described in the above (6), wherein the QPIIb/llla antagonist is a 2-piperazinone-1 -acetic acid 
derivative represented by the formula (I): 

o R 1 R 2 0 



1 11 1 i 11 

i — D — C — N — CH — C— 




(CH 2 )n-P-A 



wherein A 1 and A 2 are independently a proton-accepting group or a group convertible into a proton -accepting 
group, D is a spacer having a 2- to 6-atomic chain optionally bonded through a hetero atom and/or a 5- or 6-mem- 
bered ring (provided that the 5- or 6-membered ring is counted as 2- or 3-atomic chain, depending on its bonding 
position), R 1 is a hydrogen atom or hydrocarbon group, R 2 is a hydrogen atom or a residual group formed by remov- 
ing -CH(NH 2 )COOH from an a-amino acid, or R 1 and R 2 may be combined to form a 5- or 6-membered ring, P is 
a spacer having a 1- to 10-atomic chain optionally bonded through a hetero atom and/or a 5- or 6-membered ring 
(provided that the 5- or 6-membered ring is counted as 2- or 3-atomic chain, depending on its bonding position), Y 
is an optionally esterified or amidated carboxyl group, and n is an integer of 0-8; or a salt thereof; 

(8) A process as described in the above (7), wherein the 2-piperazinone-1 -acetic acid derivative (I) is (S)-4-(4-gua- 
nidinobenzoylamino )acetyl-3 -[3-(4-guanidinoben2oylamino)]propyl-2-oxopipera2ine-1 -acetic acid or a salt 
thereof; 

(9) A process as described in the above (7), wherein the 2-piperazinone-1 -acetic acid derivative (I) is (S)-4-(4-gua- 
nidinobenzoylamjno)acetyl-3-[3-(4-guanidinobenzoyl- amino)Jpropyl-2-oxopiperazine- 1 -acetic acid hydrochloride; 

(10) A process as described in the above (7), wherein the 2-piperazinone-1 -acetic acid derivative (I) is (S)-4-(4- 
guanidinoben2oylamino)acetyl-3-[3-(4-guanidinoben2oylamino)]propyl-2-oxopipera2ine-i -acetic acid dihydrochlo- 
ride; 

(1 1) A process as described in the above [1), wherein the biodegradable polymer is an aliphatic polyester; 

(12) A process as described in the above (11), wherein the aliphatic polyester is a lactic acid/glycolic acid copoly- 
mer; 

(13) A process as described in the above (1), wherein the fat and oil is an oil soluble vitamin; 

(14) A process as descrfoed in the above (13), wherein the oil soluble vitamin is a-tocopherol; 

(15) A process as described in the above (1 ), wherein the final concentration of the fat and oil in a whole content of 
the sustained-release microcapsule is about 3 % to about 30 % (w/w); 

(16) A process as described in the above (1), wherein the W/O type emulsion comprising a solution containing a 
water-soluble physiologically active substance and a basic substance as an inner aqueous phase and an uniform 
organic solvent solution containing a biodegradable polymer and a fat and oil as an oil phase is dispersed in an 
aqueous phase to form a W/O/W type emulsion, and the organic solvent is removed by in-water drying; 
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(17) A process as described in the above (3) or (16), wherein the basic substance is a basic amino acid; 

(18) a process as described in the above (17), wherein the basic amino acid is L-arginine; 

(19) A process as described in the above (3) or (16), wherein the final concentration of the basic substance in a 
whole content of the sustained-release microcapsule is about 1 % to about 8 % (w/w); 

(20) A process for producing a sustained -release microcapsule, which comprises removing an organic solvent from 
a S/O type dispersion where a metal complex of a water-soluble physiologically active peptide is dispersed in an 
uniform organic solvent solution containing a biodegradable polymer and a fat and oil; 

(21) A process as described in Ihe above (20), wherein the S/O type dispersion is dispersed in an aqueous phase 
to form a S/O/W type emulsion, and the organic solvent is removed by in-water drying; 

(22) A process as described in the above (20), wherein the water-soluble physiologically active peptide is human 

growth hormone; . 

(23) A process as described in the above (20), wherein the metal complex of the water-soluble physiologically 
active peptide is a 2inc complex of human growth hormone.; 

(24) A sustained-release microcapsule produced by the process according to the above (1); 

(25) A sustained-release microcapsule produced by the process according to the above (20); 

(26) Use of a fat and oil for the manufacture of a sustained-release microcapsule of a water-soluble physiologically 
active substance, said microcapsule being produced by forming a w/o type emulsion comprising a solution contain- 
ing the water-soluble physiologically active substance as an inner aqueous phase and an organic solvent solution 
containing a biodegradable polymer as an oil phase, and removing the organic solvent; 

(27) Use of a fat and oil for the manufacture of a sustained-release microcapsule of a metal complex of a water- 
soluble physiologically active peptide; etc. 

FtRIFF DESCRI PTION OF THE DRAWING 

Fig. 1 shows the time-course changes of the plasma level of the drug after administration of the microcapsules 
used in Test Example 1. 

Fig. 2 shows the time-course changes of the plasma level of the drug after administration of the microcapsules 
used in Test Example 2. 

DETAILED DESCRIPTION OF THE INVENTION 

The abbreviations of amino acid, peptide, protecting group, etc. in this specification are based on those established 
by IUPAC-IUB Commission on Biochemical Nomenclature or those commonly used in the relevant fields. When optical 
isomers of amino acids are present, they are L-isomers unfess otherwise specified. The term "microcapsule" used in 
this specification includes microspheres, microcapsules, microparticles, nanoparticles, nanospheres, nanocapsuies, 
etc which contain a physiologically active substance and a polymer. 

The term "S/O/W type emulsion" and "W/O/W type emulsion" used in this specification means a solid/oil/water 
(solid phase in oil in water) type emulsion and a water/oil/water (water phase in oil in water) type emulsion, respectively. 

Examples of the water-soluble physiologically active substances include any water-soluble drugs such as a physi- 
ologically active polypeptide; a compound used as anti-platelet aggregation agents (e.g. integrin antagonist), anti-tumor 
agents antibiotics, antipyretics, analgesics, anti-inflammatory agents, antitussive expectorants, sedatives, muscfe 
relaxants anliepileptic agents, antiulcer agents, antidepressants, antiallergic agents, cardiotonics, antiarrhythmic 
agents, vasodilators, hypotensive agents, diuretics, antidiabetic agents, anticoagulants, hemostatics, antituberculous 
agents! hormone preparations, narcotic antagonists, bone resorption inhibitors, osteogenesis promoting agents, angjo- 
genesis inhibitors, etc.; etc. 

Examples of said water-soluble physiologically active substances include physiologically active substances whose 
water-solubility at 25°C is not less than 0.1 % (w/w), preferably not less than 1 % (w/w). 

The physiologically active polypeptide as a component of the present invention is exemplified by various peptides 
or proteins that possess physiologically activity beneficial to mammals and that can be used clinically. Said "physiolog- 
ically active polypeptide" has a molecular weight of, for example, about 200 to about 200.000. calculated on a monomer 
basis preferably about 200 to about 80,000. Preferred physiologically active polypeptides include polymers classifted 
in the biological field as proteins having higher structure. Any kind of physiologically active polypeptides can be used 
for the present invention, as long as the object of the present invention is accomplished. Typical examples include 
growth factors, cytokines, enzymes, hormones, etc. More specifically, the following peptides and protein may be men- 
tioned as examples: 

(1) Examples of the growth factors include nerve growth factor (NGF-1 , NGF-1 , etc.). nerve trophic factor (NTF), 
epidermal growth factor (EGF). platelet-derived growth factorf PDGF), insulin-like growth factor (IGF-1 , IGF-2. IGF- 
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(EPO), etc. * 1 M C5F ' GM - C SF, etc.), trombopoietin (TPOj, erythropoietin 

lating hormone ( PSH, Meting hTaS^^^^^ 

The physiologically active polypeptide for thp Ar«.i. . ' * ln,6rferon ' "Herleukin, etc.). etc. 
sized, semi-symhesiz* or re^S^^ 

recombinant human gr<^ horrrone * pepKde fcs- 

the structure of said sugar chain may be dW^jS^TJ^B^^ 1 ^^^'^^ and 
hves, analogues, active fragments, etc. crfthe phS^vl^ ™We muteins. deriva- 

idogicany active polypeptide", "grow* hclo' es" 

include respertvely those having a sugar chain and S mLlc w f- "* " 1,erleuk,r,s "™ to be understood to 
^physiologically active polypeptide «< *W* When 

acton may be either agonistic or antagonistic analogues of an optional polypeptide, its mechanism of 

m. metal salt. etc. of theZype^e.^mel, ma X ^Znl'i l " T* ^ P ° , ^ ,en, meta ' ^ 
a metel that does not adversely affect thelng bc^F„ eSe a waT^T 7*?* ' ma9on - aS ton ° 94 » is 
or tetravalent metal. e.g. transition metal such aslron ^er^nc JTTiif^ ^ mC,a ' (d " alent ' ,rivalBn, 
group metal such as tin. etc.) is preferably used 9r ° Up mela ' such as aluminum, etc., Ivb 

polyvalent metal with an inorganic acid such i E^ehtoTS ^ 0,u " e P° , ^ len ' «W salt (e.g. a salt of the above 
of the above polyvalent metal with an Z • acX^ « ,? I 1° niWc "*''*«* aei * *• or a salt 
boxyiic acid, preferably, aliphatic c^^ZV^^^ ^ * °' "~ 

cylic acid, etc.), etc.). Said physiologically active pZlS ^ J> ar ° ma " C acid (efl ben «* ac W. sali- 
polypeptkJe with a water-soluble S 25£2£L u P b/ miXinfl 8 active 

of both the reactants is not extremely decreed * P " * Se ' ected from «•*• solubilfty 

bom of the reactams which is within the range <ES£fifi££ r^^l*? '° c °™*«™ of 

-^"C^ ~ 

sequence: Arg-Gly-Asp such as Arg-Qly-Asp-Ser M^^SS, f, 9 ba *°T' a ° r P8ptideS ha "' n 9 amin ° a « 
[ACCys,N ""-"rt^l^/taj^^ G'rArg-Gly.Asp.Ser.Pro, cyc.o-S.S- 

compound having an activity similar to GPIIb/lllaantamn ^ A J f . m ' ReS ' 11 ' 135 <»-<39°. 1994), and a 
oxy-carbonyl-me.hyl-2-oxopipe^e^ 1 acetc ^ acM 1 h ^ IU * f S (S) - 4 "K 4 - ami *<*^yi)fllycyr]-3-meth 
hydrochloride. L-V-N*X*>^ add 
1512-1517, 1993), ethyl 3S*H4j.U**o^^ (L-700462MK-383: Circulation, 88, 

(SC-54684A: Circulation. 91 «3-4,o^M1-^ ? Tr^ZZ 1 tl'fT^™-*-**"*™ 1 * Mrochloride 
Thromb. Haemostas.. 70. 817-821 1993^^™^ •* (Ro-44-9883 

"f^anesulfona^^ 
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the formula: 
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30 i 



35 



40 



selected from a 5-oxo-1 ,2,4-oxadiazoi o yi 
formula: 



45 



50 



and Bis a group of the formula: 

_^Q-(ch 2 )- or -(ch 2 ) c - 



5 5 (wherein b is an integer of 0-1 



and c is an integer of 1 -5)) (preferably, a group of the formula: 
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oxo, 3. di0 xo,en-4. yl g 4. or ,3) a ^^^^^^^^'J^ 

) acetyl-3- [3- (4-guanidinobenzoylar*o) taSSSbm'i SELES'S (S >^ uanidi "°*en»Wamino 
ethanol, etc. '™>jpropyi ^ oxoppperazme-l-aeetocaaddihydrochlonde can be crystallized with 

cefmetazole, cefazolin. cefotaxime c^er^ ,1 ^ ' ° ef0t,am ' cefsulodin 1 cefmenoxime 

hydrS wTydTSdt ItSl Tt ePha)fine ™«Nephedrine 
chlorpheziano. ^Lo^^^Z l^^l phosphate, alloclamide hydrochloride, 

hydroch,orHe, S a^rJsl,eS Cl0peraStne - "***>" Mrochlonde, isoproterenol 

*JZZ&£1£SZZ^^ "** P-Norperazlne, trifluoperazine, atropine 

curon^™^ 

chlor^eS etc ab0Ve - men,i0ned *■* phenytoin, ethosuKimide. acetazolamide sodium, 

JSZl*" C ™« M <* ■"** »™sb»*ocarrphor. ta^, aminophyiline, e.i( B ,rine 



w fate. etc. 
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" "^a^Tabo^-menticned bone resorption inhibftors in«e ^-containing eiMami—eneb, 
"""SS." o^above-mcn.oned ^ P^ng aaents include vitamin K2 or parathyroid hormone, or 

a compound of the formula (II): 
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a saK thereof, etc. (JP-A H3(199D-232880, JP-A H4( 992 ^ angkstatic steroid [Science, 221, 719 (1983)]. 

Examples of the above-mentioned angrogenes* <MM EP . A 486667. EP-*41B29fl. etc. 

fumagillin tEP.A-325199], of any possible pharmaceutteal salts 

The physiologically active iM« ™' b * ^f 0 S sulfuric acid, nitric acid, etc. or a saltwith an orgamc 
thereof (e.g. a salt with an inorganic acd such active substance ras a basic group such as an 

sart such as carbonic acid, succinic acd. eto when the p* ^ ^ a ^ ^ , 
arrtno group, etc.; a salt with an 2j££ST*.) usic amino adds (e.g. arginine. etc.). etc.. 

basic organic compound such as organ* amines aroup , etc .). When the physiologically 

SLn the physiology *<*»^™^^Z™e^£™™ waJ-solubie sal, thereof. 

.actic acid, polyglycolic acd. polycrtnc ^^f^^g^^^^. polytetramethyleneoxalate. 
esters, poly- P -hydroxybutyric ■"**»'?^ pol/ethylene-carbonate, polyethylene-propyl- 

,hOT «Tda^ tse *ode 9 rada«e polymer * defied as the percentage ft* %) o, water-sduHe low- 
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molecular weight fragments degraded from the polymer relative to the polymer when the polymer is used as injectable 
preparations, and in general, it should be not less than 10 % in three months after subcutaneous or intramuscular 
administration, preferably, not less than 80 % in one year after subcutaneous or intramuscular administration. 

Said biodegradable polymer is preferably aliphatic polyester. Examples of said biodegradable polymer include an 
aliphaticpolyester (a poly fatty acid ester), more preferably polymers or copolymers of hydroxycarboxylic, or mixtures 
thereof. 

The hydroxycarboxylic acids are not specifically limited, but preferably hydroxycarboxylic acids of the formula: 



wherein R is a hydrogen atom or an alkyl group. 

In the above formula, examples of the alkyl group represented by R includes a straight or branched alkyl group hav- 
ing 1 to 8 carbon atoms (e.g. methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tertiary butyl, pentyl. hexyl, heptyl, octyl, 
etc.). Among others, a straight or branched alkyl group having 1 to 3 carbon atoms is more preferable. 

Preferred examples of the above hydroxycarboxylic acid include glycolic acid, lactic acid, hydroxybutyric acid (e.g. 
2-hydroxybutyric acid), 2'-hydroxyvaleric acid, 2-hydroxy-3-methylbutyric acid, 2-hydroxycaproic acid, 2-hydroxy-isoc- 
aproic acid. 2-hydroxycaprylic acid, etc. Among others, glycolic acid, lactic acid, 2-hydroxybutyric acid. 2-hydroxy-3- 
methylbutyric acid, 2-hydroxycaproic acid, etc. are preferable. In particular, glycolic acid, lactic acid, 2-hydroxybutyric 
acid, etc. are more preferable Where these hydroxycarboxylic acids exist as D-isomers, L-isomers and D, L-isomers 
(racemic mixtures of D-isomer and L-isomer), any one of them may be used. Preferably. D,L-isomers are used. 

The copolymers maybe any of random, block and graft copolymers. Preferred examples of the glycolic acid copol- 
ymer include the copolymer that degrades in living body relatively rapidly and has a release period of not more than one 
month when used alone, In particular, lactic acid/gtycolic acid homopolymer or copolymer (hereinafter, referred to as 
"lactic acid/glycolic acid polymer" or abbreviated to "PLGA", both of which always include copolymers and homopoly- 
mers of the respective acids) or hydroxybutyric acid/glycolic acid homopolymer or copolymer (hereinafter, referred to as 
"hydroxybutyric acid/glycolic acid copolymer", which always include copolymers and homopolymers of the respective 
acids) is preferable. 

The biodegradable polymer to be used in the present invention can be synthesized by general synthetic methods 
(e.g. those described in JP-A S61(19B6)-28521). without any problem. 

In general, the weight-average molecular weight of the biodegradable polymer to be used in the present invention 
ranges preferably from about 2,000 to about 800,000. more preferably from about 5,000 to about 200,000. When lactic 
acid/ glycolic acid copolymer is used as the above-mentioned polymer, the molar ratio of lactic acid/glycolic acid ranges 
preferably from 100/0 to about 25/75, more preferably from about 100/0 to about 50/50. The weight-average molecular 
weight of lactic acid/glycolic acid copolymer ranges preferably about 5,000 to about 30.000, more preferably from about 
5,000 to about 20,000. 

When hydroxybutyric acid/glycolic acid copolymer (e.g. 2-hydroxybutyric acid/glycolic acid copolymer) is used as 
the above-mentioned polymer, the molar ratio of hydroxybutyric acid/glycolic acid ranges preferably from about 100/0 
to about 25/75, more preferably from about 100/0 to about 50/50. In particular, the molar ratio of 2-hydroxybutyric 
acid/glycolic acid ranges from preferably about 60/40 to about 30/70. The weight-average molecular weight of hydroxy- 
butyric acid/ glycolic acid copolymer ranges preferably from about 5,000 to about 25,000, more preferably from about 
5.000 to about 20.000. 

When butyric acid/glycolic acid copolymer is used as the above-mentioned polymer, the molar ratio of butyric acid/ 
glycolic acid ranges preferably from about 100/0 to about 25/75. 

When a mixture of polylactic ac'd (A) and glycolic acid/ 2-hydroxybutyric acid copofymer(B) is used as the above- 
mentioned polymer, the mixing ratio of (A) /(B) ranges from about 10/90 to about 90/10 (by weight), preferably from 
about 25/75 to about 75/25 (by weight). The weight-average molecular weight of polylactic acid ranges preferably from 
about 5,000 to about 30,000, more preferably from about 6,000 to about 20,000. 

In the present specification, the weight-average molecular weight means a molecular weight in terms of the molec- 
ular weight of polystyrene determined by gel permeation chromatography (GPC) using polystyrene as the standard 
material. More specifically, the weight-average molecular weight is based on polystyrene, obtained by gel permeation 
chromatography (GPC) with 9 polymers of polystyrene as reference substances with weight-average molecular weights 
of 120,000, 52,000, 22,000, 9,200, 5,050. 2,930, 1,055, 580 and 162, respectively. The determination was carried out 
using GPC column KF804Lx2 (manufactured by Showa Denko K.K.. Japan) and Rl monitor L-3300 (Hitachi, Japan) 
and using chloroform as the mobile phase. 

The polydispersity of said polymer is defined as the value of weight average molecular weight/number average 




9 



07/25/2002, EAST Version: 1.03.0002 



EP0891 774 A2 



molecular weight, which ranges, in general, from 1 to 3.5, preferably from 1.5 to 2.5. The amount of the biodegradable 
polymer to be used depends upon, for example, the degree of the pharmacological activity of the physiologically active 
substance, release rate of said substance, release period of said substance, etc. For example, the polymer is used is 
used as the microcapsule base in an amount of about 0.2 to about 10000 times (by weight), preferably about 1 to about 
5 1000 times (by weight) relative to the weight of the physiologically active substance. The concentration of the biode- 
gradable polymer in an oil phase ranges preferably from about 0.5 to about 90 % (W/W), more preferably about 2 to 
about 60% (W/W). 

Examples of the "fat and oil" to be added to an organic solvent of the above biodegradable polymer include any fat 
and oil which is dissolved in said organic solvent without causing phase separation and which is degradaWe and 
w absorbable in Irving body, and preferably excluding a fatty acid, a salt thereof, a glycerin fatty acid ester and a propylene 
glycol fatty acid ester. Examples of the fat and oil include an oil soluble vitamin (vitamin A, vitamin D, vitamin E, vitamin 
K, etc.), medium chain fatty acid triglyceride (triglycerol of fatty acid having 6-12 carbon atoms such as miglyol. etc.). 
cholesterol, phospholipids, etc. Preferable examples of the fat and oil include an oil soluble vitamin (vitamin A. vitamin 
D, vitamin E, vitamin K, etc.). cholesterol, phospholipids, etc., more preferably an oil soluble vitamin such as a-tocophe- 
15 rol (vitamin E), a-tocopherol acetate (vitamin E acetate), etc. 

A final concentration of the fat and oil to be added to an organic solvent of the above biodegradable polymer ranges 
from about 1 % to about 50 % (W/W), more preferably from about 3 % to about 30 % (W/W) relative to a whole content 
of the sustained-release microcapsules. 

In the present invention, when the sustained-release microcapsules are produced by a W/O technique or a W/O/W 
20 technique, a basic substance may be further added to an aqueous phase containing the physiologically active sub- 
stance. In particular, when the physiologically active substance is an acidic drug or an acidic salt of the drug (hydrochlo- 
ride, etc.) (for example, pH of the aqueous phase is 6 or less), it is preferable to add the basic substance. Examples of 
the basic substance include a basic amino acid such as L-histidine, L-arginine, L-lysine, etc.. N-methylglucamine, etc. 
The final concentration of the basic substance to be added to the solution of the physiologically active substance 
25 ranges from about 0. 1 % to about 20 % (W/W) relative to a whole content of the sustained-release microcapsule, more 
preferably about 1 % to about 8 % (W/W). In the present invention, it is preferable to allow an osmotic pressure adjustor 
to be contained in the outer aqueous phase when removal of the organic solvent is carried out by in-water drying. 

Any osmotic pressure adjustor can be employed so long as it produces osmotic pressure in an aqueous solution 
thereof. 

30 Examples of the osmotic pressure adjustor include water-soluble polyhydric alcohols, water-soluble monovalent 
alcohols, water-soluble inorganic materials (e.g. inorganic salts), water-soluble monosaccharides, disaccharides. oli- 
gosaccharides polysaccharides or hs derivative, water-soluble organic acids or a salt thereof, water-soluble amino acid, 
water-soluble peptide, protein or its derivative, etc. Among others, water-soluble poiyhydric alcohols, water-soluble inor- 
ganic materials, water-soluble monosaccharides, disaccharides, oligosaccharides polysaccharides or its derivative. 

35 water-soluble organic acid or a salt thereof, etc. are preferable. In particular, salts, water-soluble polyhydric alcohols 
and water-soluble inorganic materials are preferable. 

Examples of the above water-soluble inorganic salts include halogenated alkali metals such as potassium chloride, 
sodium chloride, potassium bromide, sodium bromide, potassium iodide, sodium iodide, etc., halogenated alkaline 
earth metals such as calcium chloride, magnesium chloride, etc., alkali metal sulfates such as sodium sulfate, potas- 

40 sium sulfate, etc., alkaline earth metal sulfates such as magnesium sulfate, calcium sulfate, etc.. alkali metal phos- 
phates such as potassium dihydrogenphosphate, dipotassium hydrogenphosphate, potassium phosphate, sodium 
dihydrogenphosphate, disodium hydrogenphosphate. sodium phosphate, etc., etc. Among olhers, socSum chloride is 
preferable. 

Examples of the above water-soluble polyhydric alcohol include dihyrdic alcohols such as glycerin, etc.. pentahy- 
45 dric alcohols such as arabitol, xyTrtol, adonitol, etc., hexahydric alcohols such as mannitol, sorbitol, etc., etc. Among oth- 
ers, hexahydric alcohols are preferable. Examples of the above water-soluble monovalent alcohol include methanol, 
ethanol, isopropyl alcohol, etc. Among others, ethanol is preferable. Examples of the above water-soluble monosaccha- 
rides include pentoses such as arabinose, xylose, ribose, 2-deoxyribose. etc., hexoses such as glucose, fructose, 
galactose, mannose, sorbose, rhamnose, fucose, etc. Among others, hexoses are preferable. 
so Examples of the above water-soluble disaccharides include maltose, cellobiose, a-trehalose, lactose, sucrose, etc. 
Among others, lactose and sucrose are preferable. 

Examples of the above water-soluble oligosaccharides include trisaccharides such as maltotriose, raffinose, elc, 
tetrasaccharides such as stachyose. etc.. etc. Among others, trisaccharides are preferable. 

Examples of the above water-soluble polysaccharides include glucans such as cellulose, starch, glycogen, etc., 
55 galacturonans such as pectic acid, etc., mannuronans such as alginic acid, etc., fructans such as inulin, levan, etc., N- 
acetylglycosamine polymers - such as chitin, etc., xylans such as xylan of rice straw, etc., diheteroglucans such as 
mannan, glucomannan, galactomannan, hyaluronic acid, chondroitin sulfate, heparin, etc., etc.. Among others, glu- 
cans, diheteroglucans, etc. are preferable. 
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Examples of the derivatives of the above water-soluble monosaccharides, disaccharides, oligosaccharides and 
polysaccharides include glucosamine, galactosamine, glucuronic acid, galacturonic acid. etc. Examples of the above 
water-soluble organic acid or a salt thereof include citric acid, tartaric acid, malic acid, their alkali metal salt (e.g. sodium 
salt, potassium salt, etc.), etc. Examples of the above water-soluble amino acid include neutral amino acid such as gly- 
cine, alanine, valine, leucine, isoleucine. phenylalanine, tyrosine, tryptophan, serine, threonine, proline, hydroxyproline. 
cyctein, methionine, etc., acidic amino acid such as aspartic acid, glutamic acid, etc., basic amino acid such as lysine, 
arginine. histkJine, etc., etc. Salts of these water-soluble amino acid with acids (e.g. hydrochloric acid, sulfuric acid, 
phosphoric acid, etc.) or alkalis (e.g. alkali metal such as sodium, potassium, etc.. etc.) are also used optionally. Exam- 
ples of the water-soluble peptide, protein or their derivative include casein, globulin, prolamin, albumin, gelatin, pro- 
tamine, hi stone, etc. 

These osmotic pressure adjuster may be used alone or as a mixture of two or more of them. When the osmotic 
pressure adjuster is a non-ionic material, the concentration of the osmotic pressure adjuster in the outer aqueous phase 
ranges from about 0.001 to about 60 % (W/W). preferably from about 0.01 to about 40 % (W/W), more preferably from 
about 0.05 to about 30 % (W/W). When the osmotic pressure adjuster is an ionic material, it is used in a concentration 
calculated by dividing the above-mentioned concentration by the total ionic valency. The concentration of the osmotic 
pressure adjuster to be added is not necessarily below their solubility, and a part of it may be left in the state of disper- 
sion in the solvent. 

Each step of the production method of the present invention is carried out, for example, as follows: 
In the process for producing the microcapsule where a solution of the water-soluble physiologically active sub- 
stance is used as an aqueous phase, the water-soluble physiologically active substance (hereinafter, briefly referred to 
as the drug) is dissolved in water, and if necessary, basic substances such as above-mentioned basic amino acid, etc. 
and additionally pharmaceutical carriers such as e.g. gelatin, agar, polyvinylalcohol, etc. are added to the solution to 
prepare an aqueous phase (an inner aqueous phase). 

The concentration of the drug in the inner aqueous phase ranges preferably from about 0. 1 to about 150 % (W/V). 
more preferably about 20 to about 1 30 % (W/V) , and in particular, about 60 to about 1 20 % (W/V). 

As pH regulators to maintain the stability and solubility of the drug, for example, carbonic acid, acetic acid, oxalic 
acid, citric acid, phosphoric acid, hydrochloric acid, sodium hydroxide, arginine, lysine and their salts, etc. can be added 
to said aqueous phase. Further, as stabilizers of the drug, there can be added, for example, albumin, gelatin, citric acid, 
sodium ethylenediaminetetraacetate. dextrin, sodium hydrogensulfrte, polyols such as polyethyteneglycol, etc., etc.,' 
and as preservatives there can be added, for example, conventional para-oxybenzoic acid esters (e.g. methylparaben! 
propylparaben, etc.), benzylalcohol, chlorobutanol. thimerosal, etc. 

The thus obtained aqueous phase is added to a uniform organic solvent solution (an oil phase) containing the bio- 
degradable polymer (hereinafter, briefly referred to as the polymer) and a fat and oil, followed by emulsif cation to pre- 
pare a W/O type emulsion. The emulsif icati on can be carried out by conventional dispersion techniques such as 
intermittent shaking, mixing by means of a mixer (e.g. propeller agitator, turbine agitator, etc.). colloid mill operation, 
mechanical homogenization. ultrasonication, etc. 

The above polymer solution (oil phase) can be prepared by dissolving the polymer in an organic solvent which does 
not substantially mix with water. The water-solubility of said organic solvent is preferably not more than 3 % (W/W) at 
standard temperature (20°C), and the boiling point of said organic solvent is preferably not more than 120*C. Examples 
of the organic solvent include halogenated hydrocarbons (e.g. dichloromethane. chloroform, chloroethane. trichlo- 
roethane. carbon tetrachloride, etc.), alkyl ethers having 3 or more carbon atoms (e.g. isopropylether, etc.), fatty acid 
alkyl (having 4 or more carbon atoms) esters (e.g. butyl acetate, etc.), aromatic hydrocarbons (e.g. benzene, toluene, 
xylene, etc.), etc. These solvents can be used alone or in combination thereof. As the organic solvent, halogenated 
hydrocarbons (e.g. dichloromethane. chloroform, chloroethane, trichloroethane, carbon tetrachloride, etc.) are more 
preferable, and in particular, dichloromethane is preferable. 

Removal of the organic solvent from the thus produced W/O type emulsion can be carried out by a conventional 
method. Examples of the removal method of the organic solvent include spray drying, in-water drying etc preferably 
in-water drying. 

In the spray drying technique, the produced W/O type emulsion Is ejected in a mist form through a nozzle, etc into 
the drying chamber of a spray drier to evaporate the solvent from the finely-divided liquid droplets in a brief time. Exam- 
ples of the nozzle include a two-fluid nozzle, pressure nozzle, rotary disk nozzle, etc. 

In the in-water drying, the produced W/O type emulsion is added to an aqueous phase (an outer aqueous phase) 
to form a W/O/W type emulsion, followed by removing the organic solvent in the oil phase. The volume of the outer 
aqueous phase is generally selected from the range of about 1 to about 10,000 times the volume of the oil phase, more 
preferably about 2 to about 5,000 times, and in particular, about 5 to about 2,000 times. 

Any emulsrfier may be added to the above outer aqueous phase, as long as it can contribute to the formation of a 
stable W/O/W type emulsion. Examples of the emulsifiers include anionic surfactants (sodium oleate, sodium stearate, 
sodium lauryl sulfate, etc.), non-ionic surfactants (polyoxyethylene-sorbitan fatty acid esters [Tween 80, Tween 60; Atlas 
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Powdert Mlyoxyethylene-castor oil derivatives [HCO-60. HCO-50: Nikko Chemicals], etc.), polyvinylpyrrolKione. poly- 
SS WmlyloelMose. lecithin, gefctin, hyaluronic add. etc., P^^P^^™^^'^ 
erVcanbe sed independently or in combination. The concentration may ^selected from * *«* 20 % 

W/W) more preferably about 0.01 to about 10 % (W/W). and in particular, from about 0.0S to about 5 % (WAV). 

Trie above-mentioned osmotic pressure adjuster may be added to an outer aqueous phase. In the P^cton 
meth^ Srm ^on, it is preferab.e to adjust viscosi* of me W/O type emulsion in the range o, from about 
i*ncentiDois6fcDl to about 10.000 cp when the W/O/W type emulsion is formed. 

Exar£l« .St Tmlods to adjust viscosity include (1) a method for adjusting the «™^«XlS2& 
»h 0 r^Zer in oil ohase (2) a method for adjusting ratio between an amount of the aqueous phase and that of the oil 
ITn^&SS terrperalure of the W/O type emulsion, (4, a method for adjusting the temperature 
o^e outer aquels (5) a method for adjust the temperature of the W/O type emulsion with «™ heater, coo en eta 
when the WW type emulsion is injected. Each of these methods may be employed alone or .n combmatron wrth each 

^Any of the above methods may be employed, as long as viscosity of the W/O type emulsion is in the range of from 
abouTl 50 » to about 10 000 cp when the W/O type emulsion is changed into the W/O/W type emulsion. 

1 the aCTetL 1). 1h* concentration of the biodegradable polymer in oil 
ingontheWndofthettcdegradablepolymer.theWndof 

anri ranaes oreferablv from about 1 0 to about 80 % (W/W) . 

ZratoirS (2) ratio between an amount of the aqueous phase and that of the oil phase to be adjusted 
varies depend on Z kind and amount of the drug, the character of the oil phase, etc., can not be defined as 
restricted one and ranges preferably W/O = about 1 % to about 50 % (VW). 

^^.^nShi (3). the temperature of the W/O type emulsion to be adjusted ranges, for example, rom about 
-zr^C r^o'ing pant of the organ* solvent, preferably form about 0-C to about 30-C. more preferably from about 

10 'mS Cosily of the W/O type emulsion .n the above methods (1) and (2) can be carried out when the W/O 

^^^rlrnS*), before adding the W/O type emulsion to the outer aqueous phase, the temperature , oMhe 
outer aqueous phase can be adjusted to obtain a similar result in the above method (3). The temperature of the outer 
Corptese^fges. for exanple, <rom about 5«C to about 30-C. preferably from about 10'C to about 25-C. more 

^^Z^SX^ be carried out by cowentiona. methods. For exarrple. it is carried out by 

S3 reducing pressure or while controlling degree of vacuum by using a rotary evaporator, etc.. etc. 

9 m a "nsol Jhle metal salt (or a metal salt which is hardly soluble in water) of the physiolog,ca.ly ac^jve ^pep- 
tide isu^Xhys*^^^ active substance, a dspersion which is obtained bydispe^ 
oeotide ntetal ^alt in the organic solvent containing the biodegradable polymer and the fat and oil .s mixed well to gm 
a dispersion (hereinafter, referred to as a S/O type emulsion for the sake of conve™ence) w^e sta- 

is high and where the physiologically active peptide metal sal. is substantially uniformly dispersed or 

Sic solvents include a similar organ, sotven, to the organic sotven, which is ^sedfor 
the proration of me oil phase containing the biodegradable polymer and me fat and o,l ,n the Dreparat.cn of the above 

Wro F^eZ te pa"ation of me above S/O type emulsion, conventional dispersion techniques can be er^oyed Exam- 
ples oH^eX. Uniques include intermittent shaking, mixing by means of a mixer (e.g. propeller agitator, tur- 
bine aqitator etc.), colloid mill operation, mechanical homogenization, ultrasonication. etc. • ^ . „ w 

iSS cafe is useful to use a water-soluble solvent together with a water-insoluble solvent, * desired As sari 
wate *-ZZ5Z£ZJ*»«* can be enployed as long as it is water-soluble and can mix ™^*"bove water- 
SuWe solvent. Examples of said water-soluble solvent include alcohols (e.g. memanol, ethanol. propyl alcohol, ,so- 

Pr0P , y n T—iXT^^. the physiologically active substance is preferably finely pulverized to 
n^S^I in «l£ase. The pulverized particle size ranges usually from about 1 nm to about 30 u m, 
nreterablv about 1 nm to about 5 ii m. more preferably about 1 nm to about 1 u m. 

1£x*Z ly me S/O type emulsion is subjected to removal of the organic solvent according to a similar method 
aBolWfoMhTabove W/O t^pe emulsion, and in-water drying is preferably employed. Preferably, an osmotic pressure 

said on phase is added to me second aqueous phase containing the osmotic pressure ad |U stor to form an S/O/W type 
•m, ,kinn followed bv removing me organic solvent in me oil phase to prepare microcapsules. 

r,he^r,tShal in the S/O/Wtype in-water drying method, emulsifiers may be added. Examples of me 
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emulsrfiers include a similar emulsitier to those described for the preparation of the above W/O/W type emulsion. 

The removal of the organic solvent in the oil phase can be carried out by conventional methods. For example, rt is 
carried out by evaporating the organic solvent by stirring with a propeller-type stirrer, magnetic stirrer, etc. under atmos- 
pheric pressure or gradually reducing pressure or while controlling degree of vacuum by using a rotary evaporator, etc.. 
etc In this case at the time when solidification of the polymer proceeds in some degree and the loss caused by the 
release of the physiologically active substance from the internal phase is decreased, the S/O/Wtype emulsion may be 
warmed gradually to remove the organic solvent more completely, which results in saving of the required time. Alterna- 
tively when thickening and solidification are carried out by methods other than those based on temperature, the 
removal can be carried out by merely allowing the S/O/W type emulsion to stand with stirring, by warming it, by spraying 

This^emovai step oHhe organic solvent is of importance and greatly influences the surface structure of microcapsule 
controlling the release of the physiologically active substance. For example, rapid removal produces a number of pores 
on the surface or makes pores larger in their size, which results in increased release rate of the physiologically active 

substance. „ . ^ „ k_ 

The thus obtained microcapsules are collected by centrifugation or filtration. Then, free phys.ologically active sub- 
stance, carriers therefor, etc. attached onto the surface of the microcapsules are washed with distilled water repeatedly 
several times, and water and the solvent in the microcapsules are removed more completely in reduced pressure, if 
necessary with warming. 

The thus obtained microcapsules are usually dispersed in distilled water, etc., subjected to freezedrying and 
stored In freeze drying, aggregation inhibitors may be added. Examples of said aggregation inhibitors include water- 
soluble polysaccharides (e.g. mannitol. etc.), starch (e.g. corn starch, etc.). inorganic salts, amino acids, proteins, etc. 
Among others, mannitol is preferable. Mixing ratio (by weight) between the microcapsules and the aggregation inhibi- 
tors ranges about 50:1 to about 1:1. preferably about 20:1 to about 1:1, more preferably about 10:1 to about 5:1 . In order 
to prevent the particles from aggregating with each other while washing, aggregation inhibitors may be added to distilled 
water as washing solution. Examples of said aggregation inhibitors include water-soluble polysaccharides such as 
mannitol, lactose, glucose, etc., amino acids such as glycine, etc.. proteins such as fforin. collagen, etc.. inorganic salts 
such as sodium chloride, sodium hydrogen phosphate, etc. etc.. preferably mannitol. 

After freeze drying, removal of water and an organic solvent may be carried out by warming the microcapsules 
under reduced pressure, if desired. When warming temperature is less than glass transition temperature of the biode- 
gradable polymer used as a base, improvement of initial release of an excess amount of the physiologically active pep- 
tide is not expected. When warming temperature is too high, there increases a danger of melting the microcapsules and 
attaching to each other, deformation of the microcapsules, decomposition of the physiologically active substance, 
decrease of activity ol the physiologically active substance, etc. In general, warming temperature is selected appropri- 
ately, considering properties of the biodegradable polymer used as a base (e.g. molecular weight, stability, etc.), kind 
of the physiologically active peptide, average particle size of the microcapsules, warming time, degree of dryness of the 
microcapsules, warming method, etc. Preferably, the microcapsules are warmed and dried at an appropriate tempera- 
ture which is not less than glass transition temperature of the biodegradable polymer used as a base and where parti- 
cles of the microcapsules do not attached to each other. In particular, the microcapsules are warmed and dried at 
temperatures ranging from glass transition temperature to about 30"C higher than glass transition temperature of the 
biodegradable polymer used as a base. In this specification, glass transition temperature is defined by median glass 
transition temperature which is determined using differential scanning calorimeter at temperature increments of 10 or 
20°C per minute. 

Warming and drying time varies depending on warming temperature, an amount of the microcapsules to be 
treated, etc. In general, about 24 to about 120 hours after temperature of microcapsules themselves reach to the 
desired temperature are preferable. In particular, about 48 to about 120 hours are preferable. 

A method for warming the misrocapsules is not limited to a specific method, and any method can be employed as 
long as the microcapsule are uniformly warmed. 

The microcapsules thus obtained are screened, and if necessary, after light pulverization, too large microcapsules 
are removed by sieving. Particle size of the microcapsules varies with the desired degree of sustained release. When 
the microcapsules are used as suspension, particle size of the microcapsules are selected from the range satisfying 
the dispersibility and needle-pass requirements. For example, the average diameter ranges preferably from about 0.5 
to 400 n m, more preferably about 2 to 200 m m. 

In order to prepare a sterile preparation of the microcapsules, a method for sterilizing all production steps, a method 
for sterilizing with y-rays. a method for adding a preservative, etc. are employed, and there is no limitation to a specific 
method. 

The microcapsules prepared according to the process of the present invention can be readily administered orally 
or non-orally, for example, as injections or implants intramuscularly, subcutaneous!* into Wood vessels, organs, cava 
articulare, foci, etc. Further, they can be administered in the form of various preparations. They can also be used as raw 
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materials in the production of various preparations. 

Examples of the above preparation include injections, oral preparations (e.g. powders, granules, capsules, tablets), 
nasal preparations, suppositories (e.g. recta) suppositories, vaginal suppositories), etc. 

These preparations can be produced according to conventional methods. For example, when the microcapsules 

5 according to the present invention are to be processed into injections, the microcapsules of the present invention are 
dispersed in a aqueous vehicle together with a dispersing agent (e.g. Tween 80, HCO 60 (Nikko Chemicals), car- 
boxymethylcellulose, sodium arginate, etc.), a preservative (e.g. methylparaben, propylparaben, benzylalcohol, chio- 
robutanol, etc.), a tonicity agent (e.g. sodium chloride, glycerin, sorbitol, glucose, etc.), etc., or an oily vehicle such as 
vegetable oils (e.g. olive oil, sesame oil, peanut oil, cotton-seed oil, corn oil, etc., propylene glycol, etc., to prepare sus- 

10 tained-release injections of the microcapsules. Further, excipients (e.g. mannitol, sorbitol, lactose, glucose, etc.) may 
be added, in addition to the above components, to the above sustained-release Injections of the microcapsules in the 
form of suspensions. After redispersion, the Injections are solidified by freeze drying or spray drying, and distilled water 
for injection or an appropriate dispersing agent may be added just before use. In this manner, more stable sustained- 
release injections can be obtained. 

is When the microcapsules according to the present invention are to be processed into, for example, tablets, they can 
be prepared according to conventional preparation methods. For example, there can be added excipients (e.g. lactose, 
crystalline cellulose, sucrose, starch such as corn starch, etc., etc.), disintegrating agents (e.g. starch such as corn 
starch, etc., croscarmellose sodium, carboxymethylstarch sodium, calcium car mo n ate. etc.), binders (e.g. crystalline 
cellulose, gum arable, dextrin, carboxymethylceflulose, polyvinylpyrrolidone, hydroxypropylcellulose, etc.), lubricants 

20 (e.g. talc, magnesium stearate, polyethylene glycol 6000, etc.), etc. to the microcapsules, and the mixture is com- 
pressed for molding. 

When the microcapsules according to the present invention are to be processed into, for example, nasal prepara- 
tions, they are molded into solid, semisolid or liquid. In any case, conventional preparation methods can be used. For 
example, to prepare the above solid nasal preparations, said microcapsules either as they are or together with excipi- 
25 ents (e.g. glucose, mannitol, starch, microcrystalline cellulose, etc.), thickeners (e.g. natural gums, cellulose deriva- 
tives, polyacrylates. etc.). etc. are processed into powdery compositions. To prepare the above liquid nasal 
preparations, said microcapsules are processed into an oily or aqueous suspension in substantially the same manner 
as injections. The semisolid nasal preparations may be oily or aqueous gels or ointments. In any case, there may be 
added a pH adjuster (e.g. carbonic acid, phosphoric add, citric acid, hydrochloric acid, sodium hydroxide, etc.), a pre- 
30 servative (e.g. paraoxybenzoic acid esters, chlorobutanol, benzalkonium chloride, etc.), etc. 

When the microcapsules according to the present invention are to be processed into suppositories, they can be 
prepared per se known methods in the form of oily or aqueous solid, semisolid or liquid, with using an oily or aqueous 
base. Examples of the oily base to be used for the above composition include any one which does not dissolve the 
microcapsules, for example, higher fatty acid glycerides [e.g. cacao butter, Witepsols (Dynamit-Nobel), etc.], medium 
35 chain fatty acid triglycerides [e.g. miglyols (Dynamit-Nobel), etc.J. vegetable oils (e.g. sesame oil, soybean oil, cotton- 
seed oil, etc.), etc. Examples of the aqueous base include polyethyleneglycols, propyleneglycols, etc. Examples of the 
aqueous gels include natural gums, cellulose derivatives, vinyl polymers, polyacrylates, etc. 

The microcapsules obtained according to the production method of the present invention suppress initial burst and 
release a constant amount of the drug for a long time. Therefore, the microcapsules obtained according to the produc- 
es tion method of the present invention exhibits a constant efficacy with low toxicity, thus being expected as a safe and 
highly effective sustained-release preparation. In addition, when the microcapsules are applied for the treatment of 
chronic disease, physical burden can be lightened and compliance can be improved in a patient who has to receive fre- 
quent administrations. 

For example, in case of pituitary dwarfism, administration of growth hormone is inevitable and so far growth hor- 
45 mone is subcutaneously or intramuscularly administered to infants or juvenile patients every day or every second day 
for several months to 10 years or more. Since the sustained-release microcapsule obtained by the production method 
of the present invention provide these patients with sufficient treatment effect with one administration within several 
weeks to months, it can contribute to improvement of compliance in these patients. 

For example, when the sustained-release microcapsule of the present invention containing a water-soluble physi- 
so o logically active substance which is an antithrombus agent is used for the treatment of thrombosis, the sustained- 
release microcapsule of the present invention can stably maintain blood level of the drug within an effective dose which 
does not cause any side effect for a long time, while there is fear that a conventional method for administering an anti- 
thrombus agent causes bleeding as side effect of antithrombus activity. Therefore, the sustained-release microcapsule 
of the present invention can be positively used not only for the treatment of said chronic disease for a long time but also 
55 for the prevention of the same. Thus, the microcapsule of the present invention shows less side effect and low toxicity, 
and therefore, can be safely administered to warm blooded mammal such as mouse, rat, dog, horse, bovine, human, 
etc. 

While the dosage of the sustained-release microcapsule varies with the types and content of the physiologically 



14 



07/25/2002, EAST Version: 1.03.0002 



EP0S91 774 A2 



active substance as the principal ingredient, dosage forms, duration of the release of the drug, subject animals cur- 
poses of administrate, etc., it is sufficient if only the principal ingredient is contained in an effective amount ' 
For example, when the sustained-release microcapsule of the physiologically active peptide or a salt thereof is 1- 

5 XZZZT**"* ^Pf*«°a *e dosage for an adult is selected from the range preferably from about 
5 0 .0001 to 10 mg/kg, more preferably about 0.0005 to 1 mg/kg ' 

Mr 1 ^Zr" a ' i0nS T be appropriate, >' selected from 0"" a week, once per two weeks, once a month 

etc depending or the types and content of the physiologically active substance, dosage forms, duration of the rSease 
of the drug, subject diseases, subject animals, etc. release 
» ™ JTh " ' he ph ^°'° 9icall >' active Polypeptide as active ingredient of the sustained-release preparation Is human 
10 growW hormone and 2-week type preparation of the sustained-release preparation is administered to a Xnt 7Z- 

TZT.r ' ta ? V"* 1 * and preparation is administered once per two weeks. Wta KJ£ 

ffi^rStT! T m T ""r"™" °' *> e a * e * a P*5 of diabetes is usuai, selS 

* IZintefed 0 ^ t£ '"^ *"* ° " 1 ° *°" ° 2 ^ and Potion is 

When the sustained-release microcapsule containing 2-pjperazinone-l -acetic add derivative or a salt thereof r 6D 
« ' he "J™" 1 * W ««* is anticoagulant is orally administered to a paS u^angint i a 
t5££E~£ o' "TO or restenosis of coronary after PTCA or cor™*" »™ 

bolybc therapy, the unrt dosage for an adult (body weight: 50 kg) is selected from about l mg to 10 g preferabl arZt 

:SoK^ 

r«^Kl * SU t ainB l rele ? S T iCr0CapSU ' e ContaininB 2-PlPe™"'none-1-acetic acid derivative or a salt thereof rep- 
resented by the above formula (I) ,s non-orally administered to a patient of unstable angina, or a patten tftatomfc 
completion or reobstruction of coronary or restenosis of coronary after PTCA or coronary ^Stm^Z 
7 a "1 Wei ° ht: 50 k 8> * <™ about 0. 1 to 5 ml, preferably SuuSmS assume 

^rs^pr^nX^r 0,1 tusu * ^ 005 to 50 "» * 1 to 20 ^ - a= 

ard t™^2f; re l eaSe ,T i T 0CapS ' Jle ° b,ained ^ ,hB production me,nod of *• P«« 'nventon is ^ at stand . 
EXAMPI FS 

Working Example 1 

40 ,J, n d T ed .T' 1 m ' " ere diSS0lv9d (S)-4-(4^uanidinobenzoylam,no ) acetyl-3- [3- (4-ouankfinoben- 

^SK^TS^T* acid < ^T re,erred 10 as A > 

ana l arg nine 150 mg to give an inner aqueous phase. In methylene chloride 7.5 ml were dissolved lactic acid/olvrnl^ 
1 E ToT^' C ^O'vcolicacid = 50/50 (mole %;. weight-average molecular w^W 8 000^3^ ^vte 
mln E 500 mg to give an oil phase. The oil phase was added to the inner aqueous phase and he mf^e ras e^S- 

So SSSTT ( ***? *** 9 W/ ° ^ emu,sion ™° «° emuteicn'was fmuSnTl 4 ™VA 

solution 800ml (an outer aqueous phase conta n ng 2.7 % NaCI which was conrad tn i«;°r «/,th „*u* h — . 

ftrhoTK r lsion - ^ - w/o/w ™« wri ,o a ^ikis; 

11^ ard6n ? ' he miCTOcapsul <* *»« •wpcwfen of methylene OHoride, the^ocaZles J2f£ 

%Z&££T- ^« «« with purihd water and suS^e dry"g 

und« n'i^ n n T 3 ^ miX,Ure 6UbjeC,ed ,0 h ^ is al *** 2" iWlSSS bTeCmton 

under nitrogen gas stream. The residue was neutralized with 0.5 N HQ. and the solution was diluted ^3^0 

iSSS^Zl' T a "T C0ncen "» ,i °" at 200 nmot/m, and subjected to amfno tS?^ HtacS 
L-8500A) to determine the content ol arginine. In the microcapsules the content of aroinine «« 1 «i 3 *I » -! 
o,«in,hemicro W ^^ 



20 



50 



35 



45 



50 



15 



07/25/2002, EAST Version: 1.03.0002 



EP 0 891 774 A2 



10 



15 



20 



25 



30 



35 



Working Example 2 

Infilled wateMm, were disso^^ 
aqueous phase. In methylene ^.^^ V ^ Q ^T^n E 250mg to give an oil phase. The 
= 50/50 (mole %). we,ght-average m ° to ^ " e ' 9h ^ » V™ ^ emulsifjet , small homogenize. (Polytron) to 
oil phase was added to the inner aqueous phase and ^ e .^ e ^ B p VA soMion 800 ml (an outer aqueous phase) 
give a W/O type emulsion. The WHO emuls.cn was «^Mtd w/0 /w ,ype emulsion. Tnen, the 

Lining 2.7 % Nad which ^ J^™^^^^ After hardening o( the micro- 

W/O/Wtype emulsion was ^^^JT^^^^a^ by centrifugation. The collected 

Working Example 3 

According to a similar method descnbed "*^^^^^oSpEi« was prepared. In the prepared micro- 

Working Example 4 

,„ disced water, m. were d^ 
aqueous phase. In methylene cNorrie ml w«e ^*^™S7vL*. E 250 mg to give an oil phase. 
= 50/50 (mole %). weight-average VZ W/O type emulsion was prepared, and thereafter 

According to a similar method descrtoed ^^^^^^L was prepared. In the prepared micro- 

Comparative Example 1 

Indited wa,er 0 ,m,waso^ 
2 ml was dissolved lactic acid/glycolic acid m ^ od dese ribed in Working Example 3 

molecular weigh, 9.000) ,800 mg prepared, and finally freeze dried 

the W/O type emulsion was prepared, and thereafter me w/u/w w 

miCf S?. ££££ the microcapsules obtained in Working Examp.e 4 and Compare Exampie , are shown. 
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shows the plasma level of the drug administered by the microcapsules of Working Example 1 and the curve B shows 
the plasma level of the drug administered by the microcapsules of Comparative Example 1 . The plasma level of the 
drug 1 hour after administration of the microcapsules of Working Example 1 and Comparative Example 1 were respec- 
tively 689 ng/ml and 2926 ng/ml. Therefore, it became possible that increase of the plasma level of the drug was sup- 
pressed at an early stage after administration, the time-course changes of the plasma level of the drug was not 
remarkable and the effective plasma level of the drug was stably maintained for about 2 weeks in the microcapsules 
prepared by adding 3 % arginine to an inner aqueous phase and 10 % vitamin E to an oil phase with using Compound 
A hydrochloride. 

Reference Example 1 

To a solution (710 mg/355 ml, 5 mM NH 4 HC0 3 , pH 7.8) containing recombinant human growth hormone having 
methionine at its amino terminal (prepared according to the method described in Reference Example 14 of JP-A 
S62(1987)-171699) [hereinafter, briefly referred to as Met-hGH} was gradually added dropwise Zn(OAc) 2 2H 2 0 
(71mg/5ml H 2 0) solution 3.5 ml (Met-hGH :Zn=1:7mole) while stirring. The resulting insoluble Met-hGH/Zn complex 
was centrifuged at 2,500 rpm for 20 minutes, and the supernatant was removed. Trie insoluble Met-hGH/Zn complex 
was redispersed in distilled water 100 ml and subjected to freeze drying. 

Working Example 5 

In a mixture of methylene chloride 2.0 ml and acetonitrile 0.4 ml were dissolved lactic acid/glycolic acid copolymer 
(lactic acid/glycolic acid = 50/50 (mole %), weight-average molecular weight: 15,000; Wako Pure Chemical) 1275 mg 
and vitamin E 150 mg to give an oil phase. In the oil phase was dispersed Met-hGH/Zn complex 75 mg obtained in Ref- 
erence Example 1 . The dispersion was subjected to ultrasoni cation for 5 minutes and then to a small homogenizer (Pol- 
ytron) at 15,000 rpm for 1 minute to pulverize it to microparticles. The S/O dispersion was added to polyvinylpyrrolidone 
(PVA) solution 800 ml containing 10 % mannitol cooled at 15°C and emulsified with homomixer to give a S/OAV type 
emulsion. The S/O/W type emulsion was slowly stirred with a conventional propeller agitator for 3 hours. After methyl- 
ene chloride was vaporized, the resulting microcapsules were collected by centrifugation, washed with purified water 
and subjected to freeze drying. 

To the obtained microcapsules 20 mg were added ethyl acetate 5 ml and 0.1 M acetic acid buffer solution (PH-4) 
1 ml. The mixture was shaken for 1 0 minutes and centrifuged at 2, 500 rpm for 10 minutes. Ultraviolet (UV) absorption 
(294 nm) of the resulting ethyl acetate layer was measured with an spectrophotometer (Beckman DU 7400) to deter- 
mine the content of vitamin E in the microcapsules. The content of vitamin E in the microcapsules was 10 %. 

Working Example 6 

In a mixture of methylene chloride 2.0 ml and acetonitrile 0.4 ml were dissolved lactic acid/glycolic acid copolymer 
(lactic acid/glycolic acid = 50/50 (mole %), weight-average molecular weight: 15.000) 1350 mg and vitamin E 300 mg 
to give an oil phase. In the oil phase was dispersed hGH/Zn complex 75 mg obtained in Reference Example 1 . The dis- 
persion was subjected to ultrasonication for 5 minutes and then to a small homogenizer (Polytron) at 15,000 rpm for 1 
minute to pulverize it to microparticles. According to a similar method described in Working Example 5 the S/O disper- 
sion was prepared, and thereafter the S/OA/V type emulsion was prepared, and finally freeze dried microcapsules was 
prepared. In the prepared microcapsules, the content of vitamin E was 17 % when determined by a method described 
in Working Example 5. 

Comparative Example 2 

In a mixture of methylene chloride 2.0 ml and acetonitrile 0.4 ml was dissolved lactic acid/glycolic acid copolymer 
(lactic acid/glycolic acid =50/50 (mole %), weight-average molecular weight: 15,000) 1425 mg to give an oil phase. In 
the oil phase was dispersed Met-hGH/Zn complex 75 mg obtained in Reference Example 1 . The dispersion was sub- 
jected to ultrasonication for 5 minutes and to a small homogenizer (Polytron) at 15,000 rpm for 1 minute to pulverize it 
to microparticles. According to a simitar method described in Working Example 6 the S/O dispersion was prepared, and 
thereafter the S/O/W type emulsion was prepared, and finally freeze dried microcapsules was prepared. 

Test Example 2 

The microcapsules (15 mg/kg as hGH content) obtained in the above Working Example 5, Working Example 6 and 
Comparative Example 2 were subcutaneously administered to SD rats (mate. 6 weeks) and the serum level of hGH was 
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determined by RIA, respective) y. The thus obtained results were shown in Fig. 2. In Fig. 2, the curve A shows the serum 
level of hGH administered by the microcapsules of Comparative Example 2 and the curves B and C show the serum 
level of the drug administered by the microcapsules of Working Examples 5 and 6, respectively. The plasma level of 
hGH 1 hour after administration of the microcapsules of Comparative Example 2, Working Example 5 and Working 
Example 6 were respectively 813 ng/ml, 633 ng/m! and 844 ng/ml. Bioavailabilities (BA) calculated from AUC (area 
under curve) of drug blood level-time until 2 weeks after administration were respectively 42 %, 56 % and 57 %, com- 
pared with intravenous administration of hGH solution. Initial burst (IB) which was calculated by the ratio of AUC until 1 
day after administration relative to AUC until 2 weeks after administration were respectively 83 %, 79 % and 72 %. 

In the microcapsules containing 1 0 % vitamin E in an oil phase prepared according to Working Example 5. increase 
of the plasma level (C1 h) of hGH at an early stage ( 1 hour) after administration was suppressed, the high serum plasma 
level of hGH was maintained for 2 weeks, and increase of BA and suppress of IB were succeeded. 

In the microcapsules containing 17 % vitamin E in an oil phase prepared according to Working Example 6. no 
remarkable change in C1h was observed, the high serum plasma level of hGH was maintained for 2 weeks, and 
increase of BA and suppress of IB were succeeded. 

Working Example 7 

In distilled water 1 ml were dissolved Compound A ^hydrochloride 500 mg and L-arglnine 300 mg to give an inner 
aqueous phase. In methylene chloride 7.5 ml were dissolved lactic acid/glycolic acid copolymer (lactic acid/glycolic acid 
= 50/50 (mole %), weight-average molecular weight 8,000) 3950 mg and vitamin E 250 mg to give an oil phase. The oil 
phase was added to the inner aqueous phase, and the mixture was emulsified with small homogenizer (Polytron) to give 
a W/O type emulsion. The W/O emulsion was emulsified in 0.1 % PVA solution 800ml (an outer aqueous phase) con- 
taining 2.7 % NaCI which was cooled to 15°C with using homomixer to give a W/OW type emulsion. Then, the W/O/W 
type emulsion was slowly stirred with a conventional propeller agitator for 3 hours. After hardening of the microcapsules 
with evaporation of methylene chloride, the microcapsules were collected by certtrifugation. The collected microcapsule 
were washed with purified water and subjected to freeze drying. In the microcapsule, entrapment ratio of the drug was 
90%. 

Working Example 8 

In distilled water 1 ml were dissolved Compound A dihydrochloride 500 mg and L-arginine 300 mg to give an inner 
aqueous phase. In methylene chloride 15 ml were dissolved lactic acid/glycolic acid copolymer (lactic acid/glycolic acid 
= 50/50 (mole %), weight-average molecular weight 10.000) 3160 mg, lactic acid/glycolic acid copolymer (lactic 
acid/glycolic acid = 50/50 (mole %), weight-average molecular weight 7,000) 790 mg and v'rtamin E 250 mg to give an 
oil phase. The oil phase was added to the inner aqueous phase, and the mixture was emulsified with small homogenizer 
(Polytron) to give a W/O type emulsion. The W/O emulsion was emulsified in 0.1 % PVA solution 800ml (an outer aque- 
ous phase) containing 2.7 % NaCI which was cooled to i5 fl C with using homomixer to give a W/O/W type emulsion. 
Then, the W/OArVtype emulsion was slowly stirred with a conventional propeller agitator for 3 hours. After hardening of 
the microcapsules with evaporation of methylene chloride, the microcapsules were collected by centrifugation. In the 
microcapsule, entrapment ratio of the drug was 91%. 

Effect of the Invention 

According to the present invention, the microcapsules which contains high amount of a physiologically active sub- 
stance and stable release of the drug with less initial release can be prepared by adding a fat and oil which is dissolved 
in an organic solvent containing biodegradable polymer without causing phase separation. By using said microcap- 
sules, side effect of the physiologically active substance can be decreased, the physiologically active substance can be 
administered for a long time, and compliance of patients can be improved due to decrease of the number of adminis- 
trations. 

Claims 

1. A process for producing a sustained-release microcapsule of a water-soluble physiologically active substance, 
which comprises forming a w/o type emulsion comprising a solution containing a water-soluble physiologically 
active substance as an inner aqueous phase and an uniform organic solvent solution containing a biodegradable 
polymer and a fat and oil as an oil phase, and removing the organic solvent, 

2. A process according to claim 1 , wherein the w/o type emulsion is dispersed in an aqueous phase, and the organic 
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solvent is removed by in-water drying. 

3. A process according to claim 1, wherein the inner aqueous phase is a solution containing a water-soluble physio- 
logically active substance and a basic substance. 

4. A process according to claim 1, wherein the water-soluble physiologically active substance is a polypeptide the 
molecular weight of which ranges from about 200 to about 80,000. 

5. A process according to claim 1 , wherein the water-soluble physiologically active substance is an integrin antago- 
nist. 

6. A process according to claim 5, wherein the integrin antagonist is a GPIIb/llla antagonist. 

7. A process according to claim 6, wherein the GPIIb/llla antagonist is a 2-piperazinone-1 -acetic acid derivative rep- 
resented by the formula (I): 

o R 1 R 2 0 



i 11 1 1 11 
A — D — C — N — CH — C— 




(CH 2 ) n-P-A* 

wherein A 1 and A 2 are independently a proton -accepting group or a group convertible into a proton-accepting 
group, D is a spacer having a 2- to 6-atomic chain optionally bonded through a hetero atom and/or a 5- or 6-mem- 
bered ring (provided that the 5- or 6-membered ring is counted as 2- or 3-atomic chain, depending on its bonding 
position). R 1 is a hydrogen atom or hydrocarbon group, R 2 is a hydrogen atom or a residual group formed by remov- 
ing -CH(Nk 2 )COOH from an a-amino acid, or R 1 and R 2 may be combined to form a 5- or 6-membered ring, P is a 
spacer having a 1- to 10-atomic chain optionally bonded through a hetero atom and/or a 5- or 6-membered ring 
(provided that the 5- or 6-membered ring is counted as 2- or 3-atomic chain, depending on its bonding position). Y 
is an optionally esterified or amidated catboxyl group, and n is an integer of 0-8; or a salt thereof. 

8. A process according to claim 7, wherein the 2-piperazinone-l -acetic acid derivative (I) is (S)-4-(4-guanidinoben- 
zoylamino)acetyl-3- [3- ( 4-guanidinobenzoyl-amino)Jpropyl-2-oxopiperazine-1 -acetic acid or a salt thereof. 

9. A process according to claim 7, wherein the 2-piperazinone-l -acetic acid derivative (f) is (S)-4-(4-guanidinoben- 
2oylamino)acetyl-3- [3- (4-guanidinobenzoylamino) ]propyl-2-oxopiperazine-1 -acetic acid hydrochloride. 

10. A process according to cfaim 7, wherein the 2-piperazinone-l -acetic acid derivative (I) is (S)-4-(4-guanidinoben- 
zoylamino)acetyl-3- [3- (4-guanidinobenzoylamino) ]propyl-2-oxopiperazine-1 -acetic acid dihydrochloride. 

11. A process according to claim 1 . wherein the biodegradable polymer is an aliphatic polyester. 

12. A process according to claim 1 1, wherein the aliphatic polyester is a lactic acid/glycoJic acid copolymer. 

13. A process according to claim 1 , wherein the fat and oil is an oil soluble vitamin. 

14. A process according to claim 13, wherein the oil soluble vitamin is a-tocopherol. 

1 5. A process according to claim 1 , wherein the final concentration of the fat and oil in a whole content of the sustained- 
release microcapsule is about 3 % to about 30 % (w/w). 

16. A process according to claim 1 , wherein the W/O type emulsion comprising a solution containing a water-soluble 
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physiologically active substance and a basic substance as an inner aqueous phase and an uniform organic solvent 
solution containing a biodegradable polymer and a fat and oil as an oil phase is dispersed In an aqueous phase to 
form a W/O/W type emulsion, and the organic solvent is removed by in-water drying. 

17. A process according to claim 3 or 16, wherein the basic substance is a basic amino acid. 

18. A process according to claim 17, wherein the basic amino acid is L-arginine. 

19. A process according to claim 3 or 16, wherein the final concentration of the basic substance in a whole content of 
the sustained-release microcapsule is about 1 % to about 8 % (w/w). 

20. A process for producing a sustained-release microcapsule which comprises removing an organic solvent from a 
S/O type dispersion where a metal complex of a water-soluble physiologically active peptide is dispersed in an uni- 
form organic solvent solution containing a biodegradable polymer and a fat and oil. 

21. A process according to claim 20, wherein the S/O type dispersion is dispersed in an aqueous phase to form a 
S/O/W type emulsion, and the organic solvent is removed by in-water drying. 

22. A process according to claim 20, wherein the water-soluble physiologically active peptide is human growth hor- 
mone. 

23. A process according to claim 20. wherein the metal complex of the water-soluble physiologically active peptide is 
a zinc complex of human growth hormone. 

24. A sustained-release microcapsule produced by the process according to claim 1 . 

25. A sustained-release microcapsule produced by the process according to claim 20. 

26. Use of a fat and oil for the manufacture of a sustained-release microcapsule of a water-soluble physiologically 
active substance, said microcapsule being produced by forming a w/o type emulsion comprising a solution contain- 
ing the water-soluble physiologically active substance as an inner aqueous phase and an organic solvent solution 
containing a biodegradable polymer as an oil phase, and removing the organic solvent. 

27. Use of a fat and oil for the manufacture of a sustained-release microcapsule of a metal complex of a water-soluble 
physiologically active peptide. 
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Time (days) 
Figure 1 
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Time (days) 
Figure 2 
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